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A B S T R A C T
Purpose: To investigate whether standard X-ray acquisition factors for orbital radiographs are suitable 
for the detection of ferromagnetic intra-ocular foreign bodies in patients undergoing MRI.  
Method: 35 observers, at varied levels of education in radiography, attending a European Dose 
Optimisation EURASMUS Summer School were asked to score 24 images of varying acquisition factors 
against a clinical standard (reference image) using two alternative forced choice. The observers were 
provided with 12 questions and a 5 point Likert scale. Statistical tests were used to validate the scale, 
and scale reliability was also measured. The images which scored equal to, or better than, the reference 
image (36) were ranked alongside their corresponding effective dose (E), the image with the lowest dose 
equal to or better than the reference is considered the new optimum acquisition factors.
Results: Four images emerged as equal to, or better than, the reference in terms of image quality. The 
images were then ranked in order of E. Only one image that scored the same as the reference had a lower 
dose. The reference image had a mean E of 3.31μSv, the image that scored the same had an E of 1.8μSv.
Conclusion: Against the current clinical standard exposure factors of 70kVp, 20mAs and the use of 
an anti- scatter grid, one image proved to have a lower E whilst maintaining the same level of image 
quality and lesion visibility. It is suggested that the new exposure factors should be 60kVp, 20mAs and 
still include the use of an anti-scatter grid. 
* Acknowledgments to College of Radi-
ographers Industry Partnership Scheme 
(CoRIPS) for the grant awarded to H. 
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I N T R O D U C T I O N
A case from the 1980’s, highlighted by Kelly et al, saw 
an American man being blinded by an undetected metal 
fragment when undergoing a Magnetic Resonance Imaging 
(MRI) scan. Even though he provided a history of Intra 
Orbital Foreign Body (IOFB) to the radiographers and 
underwent a subsequent plain X-ray examination, the frag-
ment was undetected upon first review of the image1. After 
the MRI incident the IOFB was seen on the image, suggesting 
that the technique used was not optimised and the quality of 
the image was so low that human error meant severe harm 
to the patient, highlighting the importance of image optimi-
zation while maintaining As Low As Reasonably Achievable 
(ALARA)2 principle.
Prior to MRI scan, a safety questionnaire is a good instru-
ment to evaluate whether a patient is at “high risk” of having 
an IOFB and therefore an orbit X-ray candidate3. Although, 
there is a case which the patient denied having any IOFB and 
later he developed hyphema due to a ferromagnetic fragment 
in the eye4.
The lens of the eye is considered to be one of the most 
radiosensitive tissues of the human body and high or 
repeated direct exposure causes lens clouding or cataracts, 
a type of visual impairment5. For that reason it is of para-
mount importance to optimise dose when performing an 
orbit X-ray.
This study will investigate image quality and dose optimi-
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sation in Computed Radiography (CR) in relation to orbital 
X-rays for MRI screening.
M E T H O D S  A N D  M A T E R I A L S
Equipment and phantom setup
An adult anthropomorphic head phantom was posi-
tioned for a postero-anterior (PA) projection of the orbits 
in accordance with standard radiographic texts6-7 (Figure 1). 
Images were acquired using a Wolverson Acroma X-ray unit 
(high frequency generator with VARIAN 130 HS standard 
X-ray tube with a total filtration of 3mm Aluminium equiv-
alent). The source-to-image receptor distance (SID) was set 
at 100cm and all images were acquired using the same 18 
x 24cm CR image receptor (IR). The primary X-ray beam 
was collimated to include the lateral skull margins and the 
whole orbital region and was thus fixed at 21.5 x 8.5cm. An 
Agfa 35-X digitizer (Agfa-Gavaert Corp, Mortsel, Belgium) 
was used to process the images using a skull look up table. 
IOFB simulation
Five ferromagnetic IOFBs (<1.0mm) were fixed to the 
anterior aspect of the orbital region of the phantom on the 
right eye in a pre-determined distribution (Figure 2). The 
left eye was maintained free from IOFB and would be used 
to simulate a normal examination.
Image acquisition
A set of images, for the purpose of both image quality and 
dosemetric analyses, were generated using the phantom and 
the following acquisition parameters. For peak tube poten-
tial, images were acquired at 10kV increments from 60 to 
90kVp. For mAs, 5.0, 20.0 and 40.0 were selected.  For the 
first set of images the IR was placed in the vertical bucky 
which included a secondary radiation grid (ratio 10:1, 40 
lines/cm). A second set of images was acquired without a 
radiation grid using the same kVp and mAs settings.
Figure 1: An illustration of the X-ray equipment and phantom setup used in this study. The annotations represent the collimation, the sandbag which steadied the phantom head (to the bottom left) 
and sellotape used to ensure no movement.
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Figure 2: The image sample demonstrates a normal eye (left) and one eye (right) with 5 IOFBs.
Figure 3: A PA orbital radiograph demonstrated the location and size of the two ROIs used in the physical measurement of image quality.
A total of 24 different acquisition factor combinations 
were selected and acquired. For each of the settings, three 
X-ray exposures were obtained and the Dose-Area-Product 
(DAP) values were recorded. At each acquisition parameter 
combination a single image was send to an archive and the 
Exposure Index (LgM) was recorded.
Image quality analysis
Physical measures
Acquired images were first evaluated using physical 
measures of image quality, to validate the image quality 
scale and gave an objective measure of image quality. Mean 
and standard deviation pixel value at two locations were 
calculated using the ImageJ software (National Institute of 
Health, Bethesda, MD) using a fixed sized region of interest 
(ROI). Two ROIs (S1 and S2) were plotted (Figure 3) and 
from this signal-to-noise (SNR) and contrast-to-noise (CNR) 
values were calculated. SNR was defined as the mean pixel 
value divided by the standard deviation for each ROI, CNR 
was defined as the difference between the mean pixel values 
divided by the standard deviation between each ROI. These 
methodologies have been used in similar experiments8-9.
Perceptual (visual) tests
35 observers from the Netherlands, Switzerland, Portugal, 
Norway and UK volunteered for the image quality test (mean 
age = 26.1, range = 19 - 56). All observers had normal to cor-
rected-to-normal vision, although, one participant who would 
usually wear glasses had forgotten them. The scale was pro-
duced through literature review and focus group discussion. 
Reliability and validation were tested. This approach has been 
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used in similar radiographic projects reported in the litera-
ture8,10. Observers were radiographers (students or qualified 
practitioners) on a European Dose Optimisation EURASMUS 
Summer School. Images were initially analysed visually used 
two alternative forced choice comparisons (2AFC)8. 2AFC 
assesses the psychometric responses of observers who are pre-
sented with two separate images and has been used extensively 
within radiography to compare image quality8,11-14. Limited 
resources meant 2AFC was as follows, two observers shared 
one screen and the set up was modified as follows; on the top 
of the screen, two reference images were fixed, on the bottom 
the remaining images were presented to each observer in a 
random order. Selection of a reference image was based on 
those parameters which reflect typical clinical averages, this 
was decided by discussions between the study researchers 
(70kVp, 20mAs and inclusion of an anti-scatter radiation grid). 
For each image, observers were required to indicate their level 
of agreement for each scale item against the reference image, 
where 1 was much worse, 2 worse, 3 the same, 4 better and 
5 much better (Table 1). A score of 3 indicated a comparable 
image to the reference image for that specific criterion.
Test procedure
Two participants at a time viewed the reference and com-
parison images on a split screen 30 inch Eizo MX300 (Eizo 
Corp, Hakusan, Ishikawa, Japan) liquid crystal display (LCD) 
monitor with a resolution of 2 megapixels, as stated above. 
Monitors were calibrated to DICOM greyscale standard 
display function (GSDF) and the ambient lighting conditions 
were kept constant and dimmed (i.e., 32 Lux) in accordance 
with the European Guidelines on Quality Criteria for Diag-
nostic Radiographic Images15. Noise levels and interruptions 
to image review were minimised using a sign on the door. 
Full instructions to observers were given at the start of the 
visual assessments and observers also were subject to a short 
training session prior. Definitions for each image quality cri-
terion were provided in writing together with an anatomy 
and IOFB location visual aid (Appendix A).
Scale validation
Testing of the scale included the use of both physical 
measures and scale questionnaires returned from the first 
16 participants. Correlations between SNR and mean image 
quality scores (total per image) have been used previously8. 
Using all data collected in our study, there was almost no 
correlation between total image quality score and SNR (S1 
R2 = 0.022, p=0.910, S2 R2 =0.031, p=0.886; Figure 4). 
For CNR there was a moderate positive correlation R2 = 
0.302, p<0.005 (Figure 4) against total score.
Validating a scale which includes both normal anatomy 
and simulated lesions is likely to require metrics other than 
SNR and CNR. Evidence presented above confirms that 
image quality scores do have some relationship with SNR 
and CNR. Time constraints only allowed for one test, re-test. 
The ICC was 0.508 (95% CI). Rosner (2011) suggested that 
values in the region of 0.40-0.75 indicate fair to good repro-
ducibility.
Based on a review of SNR and mean image quality scores 
(IQS) from 35 participants there were still no significant 
correlations identified with respect to the full image quality 
scale (S1 : R2 = 0.001, p = 0.884, S2 : R2 = 0.009, p = 0.655).
There was statistically significant correlation between 
SNR and the average IQS for question 5 (S1 : R2 = 0.595, p < 
0.001, S2 : R2 = 0.588, p < 0.001) (Figure 5).
Further validation analyses were undertaken on a per 
question basis. CNR did demonstrate a moderate posi-
tive correlation with mean IQS for question 1 (R2 = 0.446, 
p <0.001), question 7 (R2 = 0.449, p <0.001), question 8 R2 
= 0.432, p<0.001), question 10 (R2 = 0.413, p = 0.001), and 
question 12 (R2 = 0.401, p = 0.001). CNR demonstrated a 
lower positive correlation with mean IQS for question 9 (R2 
= 0.338, p = 0.003), question 11 (R2 = 0.374, p = 0.002) and 
for the total IQS (R2 = 0.380, p = 0.001).
Evidence presented above and in the early stage (n=16) 
scale validation indicates that IQS do have some relationship 
with SNR and CNR.
In order to test the reliability of the image scoring system 
inter-observer variability ICC values were calculated for 
each image.
Contrast between air-filled structures and the surrounding tissues/
structures
Trabecular pattern of the visualised bones
Sharpness of the orbital rim
Visibility of the superior orbital fissure
Quality of noise
With respect to the visualised 
lesions:
Brightness
Contrast
Visibility 
The scale consisted of a total of 12 items. 
Table 1: Summary of the perceptual image quality scoring questionnaire (scale) used in the 
experiment
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Figure 4: Scatter plots of SNR and CNR when compared to mean total image quality scores of question 5.
Figure 5: Scatter graphs of SNR compared to average total image quality scores of question 5. Figure 6. The histogram showing all mean image quality scores for all 24 images.
This used a 2-way mixed effect model for absolute agree-
ment and the SPSS computer software (IBM Corp, 2011). 
The ICC (N = 35) is 0.456 (95% CI). When interpreting ICC, 
Rosner, suggested that values in the region of 0.40-0.75 indi-
cate fair to good16.
Radiation dosimetry
DAP readings were recorded during acquisition. An 
average of three readings was taken for each image acqui-
sition. Effective dose (E) were calculated from the DAP 
using Monte Carlo simulation software (PCXMC 2.0). The 
PCXMC, Monte Carlo base computer software uses compu-
tational hermaphrodite phantom defined by mathematical 
expressions to compute organ and E of patients of differ-
ent ages and sizes in freely adjustable X-ray projections and 
other examination conditions used in radiology17. PCXMC 
calculates Es using ICRP, 2007 publication 103 recommen-
dations15,18. The reliability of this software is supported by 
literature demonstrating results in close agreement with dose 
measurements and calculations of other phantom models 
Statistical analysis
All IQS were transferred to SPSS (IBM Corp., 2011) 
and mean scores across 11 criteria were calculated, due to 
an understanding that many observers did not understand 
question 6. In terms of dose optimization images close to 
reference IQS (mean L15 = 3.0) were identified. Identified 
images (4 images) were compared with the reference image 
by non-parametric Wilcoxon matched-pair signed-rank test 
(corrected for multiple comparisons).
OPTIMAX 2014 – radiation dose and image quality optimisation in medical imaging64
R E S U L T S
Perceptual image quality
Figure 6 shows the mean IQS for each of image with a 
range from 1.584 (St. Dev = 0.456) to 3.283 (St. Dev = 0.340). 
The mean values which scored above the reference image 
(represented by the dotted line) suggest better IQS. Several 
images scored just below the reference image. 
Images for further analysis were identified by their mean 
IQS (compared with the reference image) and E (μSv). Wil-
coxon matched-pair signed-rank test showed the mean IQS 
for images L3 (P= 0.963), L27 (P = 0.945) and L55 (P = 0.803) 
were not statistically significant from the reference image 
L15. However, image L2 (P = .000) was statistically signifi-
cant compared to the reference image, L15, the Wilcoxon test 
is not able to differentiate which direction the mean differ-
ence is in. But the difference in the mean IQS for L2 and L15 
(Table 2) suggests that observers rate L2 significantly higher 
than the reference image L15. 
D I S C U S S I O N
Study findings
The results from this pilot study suggest that using 60kVp 
20mAs does not significantly affect the perceived image 
quality when compared with the clinical average which 
is 70kVp 20mAs. However the 60kVp 20mAs (1.821μSv) 
reduce the E with 45% compared with the reference image 
(3.308μSv). Some of the images in the Figure 6 scored slightly 
higher, lower, or close to the reference image but were 
excluded from further study based upon their E. One of the 
images (6.279μSv) that was excluded had an 89% increase 
in E compared with the reference image but scored higher. 
The perceived image quality of image L2 (60kVp 40mAs, 
3.762µSv) is significantly higher than the reference image 
but it provides a 13% dose increase when compared with the 
reference image (see Table 2). 
Literature comparison
The results show that, as with kVp decrease, E decreases 
but IQS remain very similar. This is supported in the work 
of Allen et al, whose research states that a 10kVp decrease 
will see a decrease in E with no real compromise in image 
quality19. This is supported in the above results as the 
reference image has an E of 3.30μSv, and where the mAs 
stays the same and the kVp decreases from 70 to 60, the 
E decreases to 1.82μSv. The mean IQS for both images is 
very similar, with a small difference of 0.1 in favour of the 
lower kVp image.
Ma et al also agree that the image quality remains the 
same while decreasing E between 70kVp and 60kVp. They 
see similar results in their study where the dose for an acqui-
sition at 70kVp is around 3μSv, and when it is reduced to 
60kVp, the dose is reduced to around 2µSv11. This reflects 
the above results.
Implications on clinical practice
After more in depth research is conducted, presuming 
the results are similar to the above, implications on clinical 
practice may be that the new, lower acquisition factors are 
trialed in only a and the image quality tested by experienced 
and qualified film readers to see whether they can still see 
any IOFBs with the lower exposure. If the film readers still 
maintain a high rate of IOFB identification then the new 
exposure may become the standard.
Recommendations for improvement
Several factors may have influenced the study, subse-
quently limiting it. The first was related to the images for 
analysis. Problems occurred when the observers noticed 
differences in shuttering throughout the images, which 
occurred due to a post processing error. This meant that 
observers found it more difficult to compare the images 
fully, and the investigators found it harder to place the 
ROIs. Some observers complained that the LCD screens 
had a coloured tint and that changed their perception to 
some degree, although this was an uncommon report. 
Some observers reported a misunderstanding of ques-
tion 6, these results were subsequently removed for all 
observers.
Image 
Name
kVp mAs E (μSv) Mean 
IQ 
score
Std. 
Dev 
score
Wilcoxon 
signed 
rank (with 
ref image 
L15)
L3 60 20 1.821 3.01 0.31 p > 0.05
L15 (ref 
img)
70 20 3.308667 3 0.27 -
L55 60 40 3.531333 2.93 0.31 p > 0.05
L2 60 40 3.762667 3.28 0.34 p < 0.05
L27 80 20 5.025 2.99 0.33 p > 0.05
Table 2: Describes the descriptive values for each tested image and p
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The pre-questionnaire observers were asked to fill out 
before performing image analysis highlighted the variety in 
the participants. This meant level of experience within the 
participants could be monitored. A range of people at differ-
ent levels in their radiographic education (whether qualified 
or student) were asked to participate. Students at a lower 
level may have been less experienced in image evaluation, 
but this was controlled as much as possible by universal 
training. Only two participants highlighted this as a problem 
and subsequently withdrew from the study voluntarily. The 
experience level could have affected the ICC but we can’t 
discount other variables.
The conditions in the room were controlled as much as 
possible; however other groups of researchers were using it. 
This meant that some noise (talking) and light (from the door 
opening and closing) were exposed to the participants while 
they graded the images. This may have been distracting but 
was minimised and was not reported as a problem.
Recommendations for further work
In further studies, the participants asked could be con-
trolled, and invite only qualified radiographers alongside 
reporting radiographers and radiologists to grade the images. 
This change may improve the external validity of the findings 
due to the increase in relevant experience. 
Different projections could be acquired to try and minimise 
dose such as a caudal angle as suggested by Bontrager et al20. 
It may be interesting to repeat the investigation using a 
Direct Radiography (DR) system. The reduction in exposure 
from film to CR was drastic (75kVp and 40mAs with a dis-
tance of 90cm to 70kVp, 20mAs and a distance of 100cm) and 
so the E decreased largely, it is likely the dose would decrease 
with the progression of technology.
C O N C L U S I O N
The results of the study indicate that there is an oppor-
tunity in CR radiography to decrease the acquisition factors, 
namely kVp, in orbital X-rays. The radiograph that demon-
strated 60kVp, 20mAs and 100cm SID was rated similarly 
in image quality to the reference, or clinical average, and 
provides a dose of 1.8μSv rather than the clinical average 
of 3.3μSv.
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Appendix A
